Objectives: Hypertension (HTN) is an important risk factor for cardiovascular disease, a major cause of morbidity and mortality among people with spinal cord injury and disorders (SCI/D). Our study examined prevalence, associated factors, and pharmacological treatment of HTN in Veterans with SCI/D compared with a matched control group. CVD is a major cause of morbidity and mortality in patients with spinal cord injury and disorders (SCI/D). 4-6 Septicemia, respiratory disorders and renal failure were once the primary cause of death in SCI/D patients. 7 Treatments for these complications have continued to improve and SCI/D patients are now living an average of 20-40 years post-injury. 8 As the life expectancy of individuals with SCI/D increases, the risk of developing CVD is a more significant concern. A recent study revealed that CVD was the cause of death for 40% of SCI/D Veterans. 4 It is also suggested that patients with SCI/D
INTRODUCTION
Hypertension (HTN) is a prevalent yet modifiable risk factor for cardiovascular disease (CVD). [1] [2] [3] The VA/DoD Clinical Practice Guidelines Version 2.0b define HTN as a systolic blood pressure of over 145 mm Hg or a diastolic blood pressure over 90 mm Hg on two separate clinical evaluations. The most recent Joint National Committee's report on high blood pressure described that B50% of all individuals, ages 60-69 years, and nearly 75% over the age of 70 years have a clinical diagnosis of HTN. 1 Blood pressure measurements 4130/85 mm Hg have been shown to increase the relative risk for CVD by greater than twofold when compared with individuals without HTN. 1 CVD is a major cause of morbidity and mortality in patients with spinal cord injury and disorders (SCI/D). [4] [5] [6] Septicemia, respiratory disorders and renal failure were once the primary cause of death in SCI/D patients. 7 Treatments for these complications have continued to improve and SCI/D patients are now living an average of 20-40 years post-injury. 8 As the life expectancy of individuals with SCI/D increases, the risk of developing CVD is a more significant concern. A recent study revealed that CVD was the cause of death for 40% of SCI/D Veterans. 4 It is also suggested that patients with SCI/D experience CVD at an earlier age compared with the general population. 8 CVD may be more difficult to detect in patients with SCI/D as they often do not experience specific symptoms, contributable to both loss of sensation and mobility. 9 Blood pressure maintenance can be achieved by lifestyle modifications including diet, exercise and the control of comorbid conditions including diabetes. 10 However, increasing exercise and maintaining an appropriate lean body-mass percentage are significant challenges for patients with SCI/D. 11 In addition, injury to the spinal cord itself has a direct impact on the regulation of blood pressure. Physicians generally contend with conditions of low blood pressure including orthostatic hypotension, adaptive myocardial atrophy, bradyarrhythmia, reduced peripheral vascular resistance and venous pooling. 12 However, it has been shown that the relative risk of HTN may increase with age in individuals with paraplegia and incomplete injuries. 12, 13 The prevalence of HTN and associated variables in patients with SCI/D has been previously examined, but with contradictory findings. A study of Turkish SCI patients did not find a significant difference in the occurrence of HTN between individuals with and without SCI/D. 14 This finding was likely owing to the small sample size and young age of the cohorts. 14 Weaver et al. 11 found that only 22% United States Veterans with SCI/D with a mean age of 58.2 years had HTN based on blood pressures available in clinical data warehouses. This was significantly lower than rates within the general population. 11 Owing to the increasing prevalence of CVD in the SCI/D population and the known risks posed by high blood pressure, the role of HTN needs to be better defined.
Pharmacological intervention for HTN is effective in decreasing CVD morbidity and mortality. 1, 13 At the time of our search, the prevalence or class of antihypertensive therapy used in the SCI/D patient population had not been reported.
The aims of our study were to examine prevalence, associated factors, and pharmacological treatment of HTN in a large cohort of Veterans with SCI/D and compare these with a matched control group. 
MATERIALS AND METHODS

Study design and setting
Study population
Veterans with SCI/D were identified from the VA Allocation Resource Center, which maintains a list of Veterans by diagnostic category. We excluded those with Multiple Sclerosis or Amyotrophic Lateral Sclerosis diagnoses using the VA medical inpatient and outpatient data sets and the VA Spinal Cord Dysfunction (SCD) registry. After exclusion this cohort is comprised of approximately 20 000 SCI/D Veterans who utilized services during the study timeframe. Our study looked specifically at medication prescription in FY 2008. The prescriptions were either newly prescribed medication or a previous prescription that was continued in 2008. Veterans who died before FY 2008 and their match were excluded from analysis ( Figure 1) .
Veterans with SCI/D were matched to non-SCI/D Veterans by age group (o30 years followed by 5-year blocks upto 80 and above), gender, first three digits of zip code and race (white, black and other). Veterans with SCI/D were divided into etiological categories of traumatic SCI/D (TSCI/D) or nontraumatic SCI/D (NTSCI/D) injuries or diseases. Recent studies have shown that the relative percentage of NTSCI/D is increasing and differs significantly from traumatic cases by being generally older, female, having increased comorbidities and an increased proportion of paraplegic injuries. 15 Therefore traumatic and non-traumatic Veterans were analyzed separately to ease interpretation and application of results for these unique groups. Common causes of TSCI/D include motor vehicle accidents and falls, while NTSCI/D are often caused by spinal stenosis and neoplastic lesions. 15 
Data sources and measures
Demographics and diagnoses were extracted from the VA inpatient and outpatient MedSAS data sets. The National Spinal Cord Dysfunction registry was used to identify SCI/D characteristics: date, level (paraplegia/tetraplegia), completeness (complete/incomplete), and etiology (traumatic/non-traumatic) of injury. All of the aforementioned definitions were recorded by clinicians according to the International Standards for Neurological Classification of Spinal Cord Injury at the time of evaluation. The first three numbers of zip codes were used to merge census data from 2002. The Charlson Comorbidity Index is a validated method of classifying the effects of comorbidity in longitudinal studies. It was calculated using the classic 19 specified criteria excluding hemiplegia/paraplegia. 16 Charlson scores were dichotomized into groups having 0, 1, 2 or 3 or more comorbidities. Any history of smoking was identified using International Classification of Diseases, Ninth Revision codes '305.1' , '649.0' and V15.82.
Primary outcome measures included diagnosis of HTN documented within the 7-year study period, receipt of antihypertensive medication in FY 2008 and type of medications received. Diagnoses of HTN were identified using the International Classification of Diseases, Ninth Revision code '401.XX.' Pharmacy data were obtained from the Decision Support System Pharmacy National Data Extract. Classification of prescription medication was based the VHA National Formulary and included: ACEI (benazepril, captopril, enalapril, enalaprilat, fosinopril and lisinopril), b-blockers (atenolol, bisoprolol, carvedilol, labetalol, metoprolol, propanolol and sotalol), thiazide diuretics (chlorothalidone, hydrochlorothiazide, indapamide and metolazone), calcium channel blockers (amlodipine, diltiazem, felodipine, nifedipine and verapamil), a-blockers (doxazosin, prazosin and terazosin), loop diuretics (bumetanide, ethacrynate and furosemide) and angiotensin II receptor antagonists (losartan and valsartan).
Statistical analyses
All analyses were conducted in Statistical Analysis Software (SAS) version 9. . These data are presented as both unadjusted and adjusted odds ratios (OR). The unadjusted OR includes analysis of only the particular variable, whereas the adjusted OR includes the described covariates.
RESULTS
Demographics
The majority of Veterans were male (98%) and white. The average age of those with TSCI/D and NTSCI/D was 58.7 and 63.1 years, respectively. Additional demographic data are presented in Table 1 . A significant amount of data regarding duration of injury and completeness of injury was missing and therefore not further examined. There were no differences between groups when examining gender, age and race (Table 1) . Table 3 ). Table 3 ). Associated variables included being older, married, African-American/black, having a higher Charlson Comorbidity score, and a history of smoking. (Table 3 ). In a separate sub-analysis, logistic regression was used to assess the association between HTN among TSCI/D and NTSCI/D Veterans independent of their matched cohorts. Injury etiology was a significant predictor of HTN, whereby Veterans with NTSCI/D had higher odds of having HTN compared with those with TSCI/D (OR ¼ 1.43 (1.23-1.66)), after controlling for available SCI characteristics, BMI, autonomic dysreflexia, demographics and comorbidities. Adjusted regression analysis of Veterans with HTN revealed that having a TSCI/D resulting in paraplegia increased the odds of being prescribed an antihypertensive medication (OR ¼ 1.24 (1.10-1.41)); while those with traumatic tetraplegic-level injuries were less likely to receive medication (OR ¼ 0.62 (0.54-0.72); Table 4 ).
Prevalence of HTN and associated factors
Adjusted regression models revealed that NTSCI/D patients with tetraplegia, who had HTN, had significantly lower odds of receiving 11 The average age of the cohort in the Weaver et al. 11 study was 0.5 years younger than our TSCI/D and 4.9 years younger than our NTSCI/D cohort in this study. Our study also differs as it is focused on diagnosis and treatment of HTN whereas the Weaver study assessed blood pressure measurements. A study of 168 Veterans in California revealed 45% prevalence of HTN, of which 67% had paraplegia. 17 Prevalence was also higher than reported in the recent Stockholm SCI study, which found 40% of their SCI/D cohort with post-traumatic paraplegia to have HTN. 7 The higher prevalence may be partially attributed to the age of the cohorts, an increased duration of our retrospective review and the lack of NTSCI/D patients in the Stockholm study. Our findings suggest that TSCI/D Veterans have a lower prevalence of HTN compared with a matched control, consistent with previously reported data. 7, 11 Sympathetic dysfunction below the level of injury likely has a key role in this observation. This is supported with the finding that the odds of having HTN were much less in tetraplegic injuries (OR ¼ 0.36 (0.33-0.40)) versus paraplegic injuries (OR ¼ 0.84 (0.77-0.92)) when compared with matched controls. 12 Coexisting conditions such as autonomic dysreflexia and orthostatic hypotension may also contribute to diagnostic confusion particularly in Veterans with tetraplegic TSCI/D.
Most known risk factors for HTN including increasing age, comorbidities and African-American race were consistently associated with higher prevalence of HTN. Interestingly, marriage appears to be risk factor for HTN in each subgroup of our population. This contrasts previous literature associating marriage with decreased prevalence of HTN. 18 This may be secondarily owing to marital strain of a chronic disease. However, our data suggest increased likelihood of HTN independent of SCI/D. Smoking history was found to be a risk factor for HTN only in Veterans with tetraplegic injuries, regardless of etiology. This finding may reflect the vasoconstrictive role of nicotine in patients with autonomic dysregulation, as well as an increase in spasticity associated with nicotine use in patients with SCI/D. 19 This study was unique in comparing HTN in TSCI/D and NTSCI/ D. We found that Veterans with NTSCI/D had higher odds of having HTN compared with those with TSCI/D (OR ¼ 1.47 (1.27-1.70)), after controlling for available SCI characteristics, age, demographics and comorbidities. And unlike TSCI/D injuries, there was no significant change in the odds of having HTN in both paraplegic and tetraplegic injuries when compared with their matched controls. The increased likelihood of HTN in Veterans with NTSCI/D may be owing to later onset of SCI/D and differences in impairment, which were not analyzed in this study because of a large number of missing data. No past studies analyzing HTN in only NTSCI/D could be found for comparison. Future prospective studies are needed to confirm that NTSCI/D patients are as likely to develop HTN as the general population.
Veterans with TSCI/D resulting in tetraplegia had lower odds of receiving medication treatment after being diagnosed with HTN. Additionally, TSCI/D patients with HTN were less likely to be prescribed 41 antihypertensive medication when compared with match control. These findings are likely owing to concern over the propensity for these patients to develop hypotension. Contrastingly, TSCI/D resulting in paraplegia increased the odds of receiving antihypertensive medication after a diagnosis of HTN. This discovery may be owing to the increase in frequency of care following a TSCI/D. Additional variables may be contributing these discrepancies and should be examined in future studies.
ACEIs were the most likely prescribed medication for the TSCI/D cohort and both control cohorts. This is consistent with a recent study within the VA in which ACEI were found to be the most prevalently prescribed antihypertensive medication. 13 We found that, compared with matched controls, patients with TSCI/D as well as NTSCI/D were less likely to receive thiazide diuretics, which are recommended as first-line antihypertensive agent in the general population. This may reflect a reluctance to use these agents in patients with SCI/D because of potential effect on urine volumes and bladder management programs using intermittent bladder catheterization, a common management strategy for SCI/D.
Strengths of this study include a large sample size and the use of a matched control group for both TSCI/D and NTSCI/D. Limitations include confinement to coded diagnoses from the VA database rather than recorded blood pressure measurements. This may allow for missed or inaccurate diagnoses of HTN and associated comorbidities. However, previous analyses have shown that coding for the VA medical data sets is reliable. 20 Our results may also have limited generalizability given that our cohort was solely of Veterans, most of whom were white males. This study is additionally limited by grouping level of injury into paraplegia or tetraplegia. It is likely that Veterans with higher levels of paraplegic injuries above the level of T6 may have autonomic instability more comparable with Veterans with tetraplegia, and we cannot be sure as to what proportion of our cohort may fit this description.
It remains a challenge to fully ascertain the role of HTN in the development on CVD in SCI/D Veterans. Future prospective studies may be helpful in further examining blood pressure measurements, medication adherence and comorbid outcomes of CVD owing to HTN in this patient population.
In conclusion, HTN appears to be more prevalent in SCI/D Veterans than previously reported. Our data also suggest that Veterans with TSCI/D have a lower prevalence of HTN compared with matched control whereas Veterans with NTSCI/D have a similar prevalence of HTN. The level of injury (tetraplegia vs paraplegia) appears to more significantly impact the prevalence of HTN for the traumatic cohort compared with the non-traumatic. Subsequent antihypertensive therapy appears to be used significantly less in both TSCI/D and NTSCI/D Veterans with tetraplegia and more in TSCI/D Veterans with paraplegia.
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